Abstract Temporal offsets between the time series of solar activity indicators provide important clues regarding the physical processes responsible for the cyclic variability in the solar atmosphere. Hysteresis patterns generated between any two indicators were popularly used to study their morphological features and further to understand their inter relationships. We use time series of different solar indicators to understand the possible cause-and-effect criteria between their respective source regions. Sensitivity of the upper atmosphere to the activity underneath might play an important role in introducing different evolutionary patterns in the profiles of solar indicators and in turn cause temporal offsets between them. Limitations in the observations may also cause relative shifts in the time series.
Introduction
Almost every parameter derived from solar observations on longer time scales depict unambiguously 11-year solar cycle. The shape of the solar cycle, however, differs not only from the patterns represented by different parameters, but also from cycle to cycle as represented by an independent parameter. This is because the evolution of different solar indices are not always similar (Kane, 2002) . In particular, at solar Indian Institute of Astrophysics, Bangalore,India vasanth@iiap.res.in maximum, often dual peaks are seen and their relative heights are not similar. Comparing two such indices of dissimilar patterns cause hysteresis (loop like structure) like phenomena. Hysteresis phenomena in solar activity is extensively studied (Donnelly 1991; Bai 1993; Bachmann and White 1994; Ozguc et al. 2002; Bromund et al. 1995; Jimenez-Reyes et al. 1998; Dorman et al. 1999; Kane 2003 Kane , 2011 Suyal et al. 2012; Ozgüç et al. 2012 ) over the past two decades. The hysteresis phenomenon in solar activity was examined in the perspective of storage and subsequent release of energy in the solar atmosphere (Wheatland and Litvinenko 2001) while it was interpreted in terms of delayed process of active regions evolving from the photosphere upwards (Bachmann and White 1994) . Bachmann et al. (2004) do not consider this as hysteresis phenomena because hysteresis implies a cause-and-effect relationship that depends on the history of the cause, whereas, all the solar activity indices are ultimately the effects of a common magnetic dynamo mechanism. Therefore, a comparison between two solar indices would provide a relative delay, if any, between the evolutionary patterns of those parameters and not with their respective driving force. It is widely accepted that this driving force exists in the solar interior and is produced by the solar dynamo. Sunspots, representing largely the strong field regions, are the prominently known feature that can throw light on the dynamo processes (Charbonneau, 2010) . We attempt to use this criteria to analyse the temporal offsets between the full-disk solar indices in order to understand their solar cycle variability.
Data
Studies on long term variations of the solar activity require continuous data lasting several decades. Data base developed at ftp://ftp.ngdc.noaa.gov/STP/ is a great source of such long-term data collected through variety of observations at different locations all over the globe. We use international sunspot numbers (SSN), sunspot area (SA), solar radio flux (F10), coronal green line index (CI), solar flare index (FI), background x-ray flux (XBF), total solar irradiance (IRR), calcium plage index (CaI), magnesium core to wing ratio (MgII), and occurrence rate of coronal mass ejections (nCME) in the present analysis.
For solar cycle 21 that progressed during 1976 and 1986 we use SSN, SA,F10, FI, XBF, CaI and CI time series. We use SSN, SA, F10, FI, XBF, CaI, CI, IRR, and MgII for the solar cycle 22 (1986 through 1996) and SSN, SA, F10, FI, XBF, CI, IRR, MgII, and CME for the solar cycle 23 (1996 through 2007).
2. During the 21st solar cycle the background X-ray flux (XBF) data available for our analysis is monthly averages of daily values (Wagner 1988) . Daily background X-ray flux is the minimum of three eight-hourly averages obtained from 5 min cadence GOES X-ray flux values. Monthly averaged XBF is computed using daily background X-ray flux. We compute similar time series of all the parameters considered in this work using their respective daily values. Further in order to produce smoother patterns of the time profiles, we apply 13-month box-car smoothing to monthly averaged values of each indicator. Before applying the 13-month smoothing, we have applied 5-month smoothing also to avoid ambiguity in identifying the occurrence of maximum among tiny multiple peaks around that time (Ramesh and Lakshmi 2012) .The temporal variation of all the considered solar indicators for the three solar cycles is shown in Fig. 1 (Tapping and Detracey 1990) . The minimum value of each indicator remains constant within 10% from one solar minimum to the other and defines the quiet-Sun background of the indicator (Skumanich et al. 1984) . Therefore we offset all the time series to a common value (Zero) by subtracting the respective minimum (quiet-Sun background of the indicator) and then normalize to the respective maximum in order to bring all the time series to a common scale and represent in terms of percentage variation as explained above. This helps scrutinizing and comparing the evolution of time series for their temporal offsets, and temporal relationships, if any, in the overall rise and fall of the indices. Figure 1 depicts unambiguously the popular 11-year period in all the three solar cycles. During solar cycle 21 (Fig. 1a ) the first part of the ascending and second part of the descending phases seem to be similar in all the considered parameters. The evolutionary pattern of XBF seems to differ from the other indices to a large extent in the second part of the ascending phase. The evolutionary pattern in the first part of the descending phase seems to be similar in all the parameters although they do not coincide. Pattern in the maximum phase of the cycle is more complicated. Except in CI and CaI, the double humped pattern is indiscernible in SSN, SA, F10, FI, XBF.
During the cycle 22 (Fig. 1b) the time profiles of all the parameters show similar trends in both ascending as well as in descending phases. The variability during maximum phase of the cycle do not coincide with each other even though the double humped pattern is clearly seen in all the parameters considered.
Cyclic variability during solar cycle 23 (Fig. 1c ) is more complicated, particularly the pattern representing the CME occurrence rate, FI and IRR. Ascending (Fig. 1a) , 22 (Fig. 1b) and 23 ( Fig. 1c) and descending phases of FI looks similar to those of SSN and SA. However, the occurrence of maximum of FI seems to deviate to a large extent with respect to the sunspot numbers and area. Occurrence rate of CMEs show delayed pattern when compared to that of SSN and SA. IRR deviates to a greater extent compared to the other considered parameters in the ascending phase. Despite their similarity among many parameters dur- Fig. 2 Sunspot area index (SA) is shifted to coincide its peak occurrence with that of the sunspot number (SSN) and the temporal offset is 23 months ing ascending and descending phases, their peak occurrences do not coincide well. From Fig. 2 , it is quite evident that the correlations between two indicators drops heavily when the data is shifted in time to coincide their peak occurrences. For example the SSA show a correlation of 0.962 and it drops to 0.508 when their peaks are made to coincide. Similarly the correlations of FI versus XBF (Not shown) and CME versus SSN (Not shown) drops to -0.356 and 0.642 respectively from their unshifted values of 0.862 and 0.874. Therefore, considering the time delays based on the peak occurrences seems to be unreasonable and overall development of the time line of the solar cycle requires a greater attention. In order to bring out the detailed time lag information between the indicators, we perform crosscorrelation analysis and the results are shown in Fig.3 wherein the cross-correlations of the indicators against sunspot area alone are shown. Offsets (in months) of each considered parameter with respect to others at times of maximum correlations (99% confidence) are given in Table 1 . The offset times are mentioned in the form "a/b" where "a" is the time delay when the peak occurrences are considered as shown in Fig. 2 while "b" represent the time delay when the maximum of overall correlation is considered as shown in Fig. 3 . An uncertainty of about a month can be seen in most of the computations performed here and can be attributed to the temporal resolution of the data used.
Sunspot Number (SSN) and Area (SA)
In a strict sense SSN and SA time series are not supposed to show any temporal offset because both of them are deduced from the same observed feature (sunspots) of the Sun. However, during the cycle 21 SA is found lag behind the SSN by 23 months (Fig. 1a) when maximum occurrences are considered and it reduced to 2 months (Figs. 1a & 3a) when overall correlations are considered. Therefore, it appears that the delay between SA and SSN is an artificial one than real. This behaviour though is not seen in cycle 22 (Fig. 1b & 3b) is unambiguous in cycle 23 (Figs. 1c & 3c) also. Earlier (Ramesh and Rohini 2008) have shown that the mismatch in the peak occurrences of SSN and XBF around solar maximum is due to the underestimations in SSN caused by the definition of SSN [SSN=k(10g+f) , where SSN is sunspot number, k is proportionality constant, g is number of spot groups and f is the number of individual spots], wherein each spot group is assigned the same weight factor. Temmer et al. (2003) also have explained the mismatch of major flare events with sunspot numbers in terms of such underestimations. A word of caution is therefore exercised here while using SSN as a standard time series to represent the solar activity particularly with reference to the maximum phase.
10.7 cm solar flux (F10)
During solar cycle 23 the 10.7 cm radio flux peaks about twenty months later than the sunspot number while it leads sunspot area by two months (Table 3 ). Earlier studies indicated that this delay was about one and half years even though the overall correlation was quiet strong at zero lag (Wilson et al., 1987) . During solar cycle 21 the F10 lags behind sunspot number by seventeen months when peak occurrences are considered while it is one month when overall correlations are considered. However, during the cycle 22, F10 seem to be in phase with SSN (Yan et al. 2012) . Temporal offsets of F10 with sunspot area, though is slightly higher when peak occurrences are considered, is only about a month when overall correlations are taken into account. Time lag identified with the peak occurrences of indicators may therefore, represent the local variability in the respective solar atmosphere from which these particular observed parameter originates. The common driving force may influence the source regions of different parameters in different ways that cause individual parameter peak to occur at different times although the long term trend in the variability may remain similar. Instrumental errors and data reduction methods may also influence the time of peak occurrences of independent parameters. We, therefore, opine that the time delays be considered only on overall basis than identifying them with respect to the peak occurrences. Herein after the parameter b in table 1 is considered to represent temporal offsets for further analysis. It is now well established that the compact, sunspot-associated strong field regions are the dominant sources of S-component of 10.7 cm microwave radiation and that the nonthermal gyro-resonant emission is the contributing mechanism Chiuderi-Drago et al. 1982; Shevgaonkar and Kundu 1985) . However, it is to be noted that, while the magnetic field emerge to the surface, sunspots or dark pores can only form if the magnetic field strength exceeds about 1500 G (Livingston et al. 2012 ). Also the pores or spots formed at opacity minimum region (OMR) around 50 km below the visible surface need not always appear at the visible surface of the Sun in the red continuum while they appear with little doubt in the near infrared continuum (Foukal et al. 1990 ). Therefore, an emerging flux region that may have formed one or two rotations earlier and not encountered the threshold value to form sunspots but sufficient enough to trigger the microwave emission could be a cause of F10 leading sunspot time series. Similarly, there can be a delay of F10 with respect to sunspots in case of microwave emission continuing in the presence of remnant fields but insufficient to retain the stature of sunspot. Ramesh and Raman (2006) , in fact, have shown that the remnant fields remaining two rotations after the disappearance of sunspot can lead to soft x-ray emission in the spectral range 20-30 A. Bachmann et al. (2004) have indicated that the solar cycle differences with temporal offsets for a pair of indices may be due to short-term phenomena possibly differences in timing and strengths of typical active regions during the course of each solar cycle. It is therefore very important that co-temporal full disk multiwavelength observations on a continued basis be made in order to understand the temporal offsets with particular reference to cycle-to-cycle variations. In particular, the observations in near infrared that can represent OMR, and G-band that represents well the regions of temperature minimum would help identifying unambiguously all the flux emerging regions (that include sunspots, pores, moving magnetic regions) to buildup a representative time series of the visible features of the Sun. ;
Coronal Index (CI)
The coronal index (CI) of solar activity is the irradiance of the Sun as a star in the Fe XIV, coronal green line
-23/-2 F10.7 -17/-1 6/1 CI -26/-6 -4/-5 -8/-7 FI -13/-2 9/0 4/-2 13/6 XBF -18/-3 4/0 -1/-2 9/6 -4/-1 CaI -1/0 21/0 16/0 24/2 12/1 16/2 -21/-6 0/-1 -1/-3 -2/-3 -27/-10 -2/-3 -16/-8 nCME -24/-10 -2/-5 -4/-8 -5/-8 -29/-17 -4/-8 -19/-13 -3/-4 at mid visible wavelength of 5303Å. It is derived from ground-based observations of the green corona made by the network of coronal stations and brought to a common scale. Rybanský et al. (2005) show that the Green coronal intensity and the sunspot number are highly correlated. Indeed in our analysis of CI with all the other indicators show high (99% level) correlations (not shown). However, the temporal offsets are still seen in all the three solar cycles and are highly variable. In cycle 21 an offset of nearly five to six months is seen with all the parameters except with Ca plage index. Similar is the situation in cycle 23 while in cycle 22 the temporal offsets are minimal. It is interesting to see a temporal offset of about two to three months with Ca plage index and MgII in both cycles 21 and 23. More interestingly CI leads the chromospheric index MgII in both 22nd and 23rd cycles.The Coronal emission (CI) is known to be associated well with the plages which are in turn associated with sunspot regions ( (Ramesh et al. 1999) ; (Rybanský et al. 1987) ) and that the emission corona is quite sensitive to the underlying photospheric field (Wang et al. 1997) . We therefore, opine that the fields emerged two to three rotations before they surface as spots with threshold strengths of about 1500 G (Livingston et al. 2012 ) may give rise to the coronal emission in advance of the spot or plage activity and hence may explain the delayed offsets.
Mg II core to wing ratio (MgII) and Calcium
Plage index (CaI)
Mg II, the irradiance ratio from proximate wavelength ranges (Viereck and Puga 1999) and relatively uncorrupted by instrumental effects,represents well the chromospheric activity. It originates at slightly higher in the chromosphere when compared to the regions where CaI originates. Though both MgII and CaI show clear double humped pattern,their peak occurrences do not match. During cycle 22, MgII show its maximum occurrence at the first peak of the double humped pattern while CaI show its maximum occurrence at the second peak (Fig. 1b) . This difference brings in a time offset of 23 months ( (Bertello et al. 2010) . However, it is difficult to reconcile the non-zero offsets of Ca plage index with SSN, SA and F10 in cycles 22 (Table 2 ). Also it leads the coronal indices (CI, XBF) and the indices of energetic events, FI in cycle 21 (Table 1 ) and lags behind them in cycle 22 (Table 2) . Understanding the non-zero offsets of Ca plage index with that of the spot related indices may be possible with the phenomenon of "invisible sunspots" (Fig 1 of Foukal et al. (1990) . Plages may emerge in the chromospheric heights even with comparatively lower strengths of the field in the previous one or two rotations while the spots may not have formed on the visible photospheric regions. Similarly plages would remain even after the field strengths reduce below certain levels but continue to exist for few more rotations after the spot disappears. The invisible sunspots (Foukal et al. 1990 ), the field strengths of which have not crossed the threshold strengths of about 1500 G (Livingston et al. 2012) may very sensitively influence the variability in the Ca index. In both these cases the plage index may appear to lead or lag the strong field sensitive indices like CI, XBF and FI. We argue that the non-zero offsets of plage index with the coronal indices, F10, XBF and FI, in cycle 22 may be because of the different response times of chromosphere and coronal regions to the magnetic field. Perhaps the long-term average of short-term effects due to many active regions emerging and decaying during the course of the solar cycle play a role. However, it is pertinent to mention here that the lag or lead of an indicator with reference to the other may depend on the sensitivity of the region from which the index arises to the features beneath.
Flare-index (FI)
FI, the flare index (Kleczek 1952 ) that is roughly proportional to the total energy emitted by the flare (Özgüç et al. 2003, 2004) seems to follow the SSN, SA, F10, CI and XBF well in the ascending and descending phases of the cycles 21 and 22 (Figs. 1a & 1b) while during maximum phase of the cycle, deviations are clearly seen. However, the variability pattern during the cycle 23 show large deviations in both ascending and maximum phases of the cycle. Overall delay of two months is seen with SSN and F10 (Yan et al. 2012 ) during the cycle 21 but with SA it is near cotemporal. FI displays no offset or offsets within the uncertainty of one month during cycle 22. However, a considerable lead (Table 3) is seen with all the other parameters during the cycle 23 (Ataç andÖzgüç 2006) . Since the spotless flares are low energetic (Luo 1982) and that in our analysis the minimum value in the time series is subtracted out, we assume that the considered percentage variation of flare index represent only the active regions associated component. Yan et al. (2012) speculated that the lead of FI over sunspot activity during cycle 23 could be an indication that the ascending phase may contribute largely in terms of total energy released by flares. In the recent past it was argued that the active regions that undergo large changes in sunspot area are most flare productive (Choudhary et al. 2013) . We opine that the active regions evolving quite quickly to reach their threshold energy levels to give out flares are more in number during ascending and maximum phases of the cycle than in descending phase. Therefore, the active regions evolving quite quickly to reach their threshold energy levels during ascending phase of the cycles, as in the case of solar cycle 23, might have caused more number of flares and in turn lead to peak occurrence of flare index had happened well in advance of the peak occurrence of SSN or SA. However, similar situation may not arise in all the cycles because the evolving spots may not satisfy the other condition, namely, the free energy content of the active region exceeding 50% of the total energy (Choudhary et al. 2013) . It needs to be ascertained whether the evolution of flare productive active regions do really follow the phase of the solar cycle with particular reference to the growth phase.
3.6 Background X-ray Flux (XBF) XBF, a coronal index of solar activity, seems to show different temporal offsets with different time series in the three solar cycles considered here. Different temporal offsets of XBF with SSN and SA has been discussed in terms of underestimations in SSN (Ramesh and Rohini 2008) . XBF does not show any temporal offset with F10 in cycles 22 and 23 while lags behind it by two months in the cycle 21. It is known that both XBF and F10 arise from coronal regions of closed magnetic flux loops. Since both the parameters are the emission measures of two spectral regions and that both of them do not represent the measures of energetic events such as flares, we believe that the observed lag, nearly same as the temporal resolution of the data used, may partially arise from statistical or instrumental effects. Magnetic complexity within active regions that varies from cycle to cycle, particularly near solar maximum may influence the individual physical mechanisms at work. However, with a minimal lag in cycle 21 and no-offset condition in cycles 22 and 23 between XBF and F10 suggests that the s-components of them represent well the true strength of the solar cycle. A similar situation is seen with CI during the cycles 22 and 23, while a considerable lead (six months) is observed with it in cycle 21 (Table 1) . It is to be noted that the index CI, representing the total flux of energy emitted by the 5303Åcoronal line, is derived from the limb observations (Rybansky 1975) and further extrapolated on to the disk facing the Earth. Therefore, possible source of the temporal offset between these two coronal indices could be the inadequate contribution of evolutionary component of green line emission from the regions of corona in our line of sight to the daily values of CI. This explanation however, is questionable in case of no-offset situation between XBF and CI in cycles 22 and 23.
Total Solar Irradiance (IRR)
During solar cycle 22 the profile of IRR matches well with most of the time profiles of other parameters (Fig.  1b) and the offsets (one to two months) remain within the uncertainties. During cycle 23 IRR seems to deviate to a large extent with respect to the time profiles of other parameters (Fig. 1c) and the offsets are around two to thirteen months. IRR, the time series mainly representing the radiation arising from the visible surface of the Sun, is known to depict the 11-year solar cycle variation (Fig. 1) . Although on shorter time scales IRR shows dips at times of passage of sunspots across the Sun's disk, the increase in IRR is well maintained by the features like faculae and network. All together these three-components still will not be able to represent completely the 0.1% variability in IRR. In the recent past it was suggested that a fourth component, a change of the global temperature of Sun modulated by the strength of activity, can potentially contribute to the long-term change of IRR (Fröhlich 2013) . Such long term change in the global temperature of the Sun can influence the IRR differently in different solar cycles. Cycle-to-cycle variation in the IRR may arise through the heat transport properties of the regions beneath the visible photosphere (Kuhn 2004) and in turn complicate relationship of IRR with other indicators of solar activity, the evolutionary pattern of which may arise from the regions above the visible surface.
Occurrence rate of Coronal Mass Ejections
(nCME)
CMEs bring about large scale changes in the corona, which have fundamental implications for the evolution of the magnetic flux of the Sun. The rate of occurrence of CMEs shows unambiguously the solar cycle related variability. The rate of occurrence of CMEs was found to lag behind the sunspot numbers by about two years (Gopalswamy et al. 2003) and with sunspot area by about three to five months (Ramesh 2010) . This discrepancy was interpreted as due to the underestimations of sunspot numbers and that the five months delay also was interpreted as a statistically insignificant (Ramesh 2010) . Present analysis show that the occurrence rate of CMEs lags behind not just SSN and SA but also F10, CI, FI, XBF, TSI and MgII although the lag time varies considerably (Table 3) . Minimum lag was found with MgII (four months) and maximum lag was found with another energetic event indicator, FI (seventeen months). Magnetic field attaining the non-potentiality that represents the free energy content than the flux content as measured by the area of the active region, has been identified as a key parameter in producing CMEs. nCME being an event representing indicator therefore may show temporal offsets with F10, CI, XBF, MgII which are broadly identified as the emission measures of the total energy content of the active regions. nCME also shows large temporal offset with TSI that represents the global parameter of the Sun. It is also known that the CMEs and flares do not occur on one-to-one basis (Nitta et al. 2013 ) and therefore a delay in their occurrence rate may be an expected one although which indicator leads the other remains unclear. Also FI, represents the total energy emitted by the flare and hence is distinctly different from the nCME. Therefore, in our opinion, the temporal offsets of nCME with other parameters do not come as a surprise and that comparing the events representing indicators such as nCME with others may lead to unreasonable inferences.
Hysteresis pattern
Any two indices with similar or proportionate rise and fall would result in a straight line in their scatter plot. Instead, they depict a loop like pattern if there is a temporal offset in their overall rise and fall [ Fig. 1 of Bachmann et al. (2004) ]. However, a loop like structure ( Fig. 4a -ii) still can result in case of disproportionate rise and fall of the indices while their peak occurrence coincide (Fig. 4a-i) . A typical example of such a case is the relationship between Smoothed SSN and the MgII (Fig. 4b-i ) that results in a loop like pattern (Fig 4b-ii) even though the peaks of both the indices occurred at the same time. Such variability, indicate the sensitivity of the chromosphere to the features underneath and would provide better insight into the mechanisms through which the energy is transferred from one region of the solar atmosphere to the other. However, the hysteresis pattern may not represent the direct cause and effect relationship because both of them may have a common source that triggers the originating mechanism at different regions of the solar atmosphere while their evolutionary pattern might vary significantly. Also the arbitrary, unphysical definition of sunspot number plays a role. It is to be noted that a single pattern of hysteresis is not maintained in the three solar cycles studied here (All the hysteresis plots are not shown here) and also the direction of hysteresis pattern (Lag or lead in terms of temporal offsets) between any two parameters is not consistent from one cycle to the other, although cycle to cycle variation, particularly between odd and even cycles were reported (Temmer et al. 2003; Singh et al. 2005 ). However such differences needs to be verified for more number of odd and even cycles. In our analysis we find that in cycle 22, where the variation seem to be much less than the odd cycles 21 and 23, the hysteresis seem to exist eventhough the peaks of SSN and MgII coincide ( Fig  .4b) . Also the limitations in the observations (such as the unseen sunspots in the visible continuum) may add to the varying hysteresis pattern. Therefore we opine and align with the conclusions of Bachmann and White (1994) that the temporal offsets and in turn the hysteresis patterns among different solar indicators seen here are mainly the consequences of the evolution of active regions from the subsurface to the coronal regions. Also the sensitivity of the solar atmosphere to the evolving fields play an important role. However, we believe that it is very hard to decide on the indicator (among the ones considered in this work) that truly represent the solar cycle.
Conclusions
Firstly the different methods of smoothing of time series may give rise to different delayed patterns among the solar cycle representing parameters. It is very important to smooth the time series very optimally without loosing the information at different time scales before comparing them for their delayed behaviour.
1. Since the sunspot number and area are derived from the same feature (sunspot) observed on the Sun, temporal offset is not expected between them. The temporal offset seen between them therefore, is interpreted in terms of the underestimations of SSN using the relation SSN=k(10g+f) where a weight factor of ten is considered for each spot group. 2. Sunspot number and area both may have underestimations due to the unidentified spot groups (invisible sunspots) that do not appear on visible photosphere while they can be quite active to influence the chromosphere and coronal regions and cause variability in their respective indicator time series. These underestimations therefore may lead to offsets in the temporal profiles of the other activity indicators against them. 3. Considering peak occurrences of the time profiles of the solar activity indicators to identify the offsets may lead to unrealistic interpretations of the physical mechanisms responsible for their variability. 4. Evolutionary aspects of the time profiles of chromospheric and coronal indicators during ascending and descending phases of the solar cycle may cause offsets with respect to one another (Bachmann and White 1994) . Such variability, particularly indicate the sensitivity of the upper atmosphere to the features underneath and would provide better insight into the mechanisms through which the energy is transferred from one region of the solar atmosphere to the other. 5. Continued observations of strong field regions of solar activity such as sunspots, pores, moving magnetic regions using sensitive detectors to unambiguously identify and record them to build up suitable representative time series are required to understand the true offsets among the solar indicators.
6. Also the sensitivity of the solar atmosphere to the evolving fields play an important role. However, we believe that it is very hard to decide on the indicator (among the ones considered in this work) that truly represent the solar cycle.
